Objective: To identify specific angiographic factors associated with haemorrhagic presentation of brain arteriovenous malformation in Chinese paediatric patients.
Introduction
Brain arteriovenous malformation (AVM) is a vascular abnormality that consists of multiple fistulous connections between arteries and veins without a normal intervening capillary bed. It is believed to be congenital in nature, and commonly presents in early adulthood. 1 The usual clinical presentations of brain AVM include haemorrhage, seizures, headache, and progressive neurological deficit. About 52% to 77% of patients with AVM have initial haemorrhagic presentation, [2] [3] [4] which is also associated with poorer prognosis. Various studies evaluating the history of AVM record an annual haemorrhage rate of about 2% to 4%. 1, 5 Computed tomography (CT) is the initial screening tool for identifying haemorrhage and demonstrating the location of the AVM. Subsequent angiographic evaluation is required for virtually all patients with suspected AVM, with digital subtraction angiography (DSA) being accepted as the gold standard for characterisation and grading. The information obtained from the angiogram is crucial in treatment decision-making and prognostication.
Brain AVM is an important cause of haemorrhagic stroke in children. [6] [7] [8] Studies in adults have identified radiological features that are associated with haemorrhagic presentation and future haemorrhage. [9] [10] [11] Similar studies on AVM in children are, however, scarce and mostly based on studies from Europe and North America. 12, 13 Whether those angiographic features that predict haemorrhage in Caucasian children with AVM similarly predict haemorrhage in Chinese children with AVM is unknown. The objective of this multicentre study was to determine specific angiographic factors associated with haemorrhagic presentation in brain AVM in the Hong Kong Chinese paediatric population, with a view to assisting clinical decision-making regarding the optimal timing and type of treatment.
Methods
This was a multicentre retrospective cross-sectional observational study. We included patients aged 18 
Results
The sample included 67 children and adolescents who were eligible for inclusion, of which 28 (42%) were boys and 39 (58%) were girls. Among the patients, 52 (78%) were in the haemorrhagic group and 15 (22%) were in the non-haemorrhagic group. The mean age at presentation was 12 years (range, 2-18 years). No significant differences in age (P=0. 15) or sex (P=0.88) were demonstrated between the haemorrhagic and non-haemorrhagic groups. Of the 67 patients, one in the haemorrhagic group was known to have idiopathic thrombocytopenic purpura. The remaining 66 patients had no known medical condition predisposing to intracranial haemorrhage.
Of the 67 children, 25 (37%) presented with headache, 12 (18%) with hemiplegia, 11 (16%) with convulsion, seven (10%) with collapse, three (4%) with loss of consciousness, one (1%) with cerebellar signs, and eight (12%) had other features, including confusion, decreased responsiveness, numbness, and restricted ocular motion. There were more asymptomatic patients in the non-haemorrhagic group (Fig 3) . Three patients, all of whom were in the non-haemorrhagic group, were diagnosed incidentally with AVM during examination for precocious puberty, scalp haemangioma, and suspected neurofibromatosis type 1.
The frequency of haemorrhage of the 67 patients as a function of angioarchitectural features is shown in Table 1 .
After univariate analysis, AVM size (P=0.004) and morphology (P=0.05) were the two factors found to be significantly associated with haemorrhagic presentation (Table 2) . After multivariate analysis, small AVM size and diffuse nidal morphology were identified as independent risk factors for haemorrhage ( Table 3 ). The odds of haemorrhagic presentation in patients with small AVM was about 9 times that of patients with medium-size AVM, whereas the odds for haemorrhagic presentation in patients with diffuse nidal morphology was approximately 12 times that of patients with compact AVM morphology. Factors found not to be statistically significantly associated with haemorrhagic presentation included location, origin of arterial feeders, number of arterial feeders, presence of related aneurysms, venous drainage, number of draining veins, presence of venous varices, and presence of venous stenosis.
Discussion
To date, DSA remains the gold standard for evaluating brain AVM owing to its superior temporal and spatial resolution, with the ability to provide dynamic information and allow accurate identification of supplying arteries and draining veins. Generally CT and magnetic resonance angiography studies do not provide important dynamic information on the arterial supply and venous drainage.
Current treatment approaches for brain AVM include microsurgical resection, stereotactic radiosurgery, embolisation, a combination of these methods, and watchful waiting. As each patient with AVM is different, there is no universal algorithm or protocol to be followed. The management of brain AVM is highly individualised, requiring careful consideration of multiple factors, including lesionrelated factors (eg size, location, and configuration) which can be obtained from cerebral angiogram; patient-related factors (eg life expectancy, general health, and lifestyle); and treatment-related risks. Children with AVM pose a particular problem in that they have a high cumulative bleeding risk due to their young age at presentation, and any insult to the developing brain (either spontaneous haemorrhage or treatment-related morbidity) may have lifelong and profound sequelae.
14 To the best of our knowledge, our study is the first to evaluate the risk factors for brain AVM haemorrhage in Chinese paediatric patients. Ethnic differences exist in the incidence and haemorrhagic risk of AVM, and data from western populations are not routinely generalisable to the Chinese population. A cohort study of 1028 adult patients with AVM in the US has established a role of ethnic differences in brain AVM, with excess incidence in Asians, blacks, and Hispanics compared with Caucasians. 15 The analysis reveals a statistically significant increased risk for subsequent AVM haemorrhage among Hispanics compared with Caucasians, and an insignificant trend for blacks and Asians.
Studies in adults have identified specific angiographic features of AVM that are associated with haemorrhagic presentation and future bleeding, including small size (<3 cm), deep location, deep venous drainage, single draining vein, intranidal aneurysms, and associated venous ectasia or stenosis. 5, 14, 16, 17 Our study identified small AVM size (<3 cm) to be an independent risk factor for haemorrhage. Small AVM size has been identified as a risk factor for haemorrhage in multiple adult studies, 5, [18] [19] [20] which is also demonstrated in a western paediatric population. 12 Although the underlying pathophysiological mechanism is uncertain, some authors have postulated a relationship between AVM size and feeding artery pressures. 8, 12 Spetzler et al 17 found a higher rate of haemorrhagic presentation among smaller AVMs and noted that smaller AVMs were associated with higher feeding artery pressures at the time of surgical management as well as larger haematoma sizes. Diffuse AVM nidal morphology was identified as another independent risk factor for haemorrhage in our study. Although a similar relationship between morphology and haemorrhage was not demonstrated in a Caucasian paediatric population, 12 diffuse AVM nidal morphology has been demonstrated in adults as a risk factor for haemorrhage. 21 The underlying pathophysiological mechanism is uncertain. More information is needed to determine whether diffuse morphology is associated with haemodynamic aberrations such as increased pressure in the feeding artery or draining vein to account for the observed increased risk of haemorrhage.
Our study has several limitations. First, owing to the retrospective nature of this study, AVM patients with poorer clinical presentation who are unfit for DSA were not included. Second, although this is a multicentre study, the sample size was relatively small owing to the small number of paediatric patients undergoing DSA for AVM. Our study has also underestimated the haemorrhagic proportion of the study population, thus any potential associations between other angiographic features with haemorrhagic presentation that are more subtle to detect would remain undetected. Third, variations exist in the quality and amount of available angiographic images, as well as in the level of experience of the angiographers among the various centres; these may affect the radiological interpretation. Presence of intracranial haemorrhage can be inferred from the pretreatment DSA due to presence of blood vessel displacement, which is an inherent limitation of this study. Fourth, as presence of haemorrhage may render an originally compact nidus into a diffuse morphology, this is a limiting factor in determining the association between diffuse morphology and haemorrhagic presentation. Fifth, we were unable to control for the timing of DSA following the onset of presentation owing to the retrospective nature of this study. Lastly, the extent to which certain angiographic risk factors existent at the time of haemorrhagic presentation can be extrapolated as predictors of future haemorrhage in AVM is controversial. In other words, factors present at the time of presentation are not necessarily accurate predictors of future risk. For instance, several adult-based studies have identified a higher incidence of haemorrhagic presentation in small AVMs, but failed to find an association between AVM size and future haemorrhage. 22, 23 Unlike in adults, large-scale prospective studies aiming to study the natural course of paediatric AVMs are unlikely to take place owing to the relatively strong argument against conservative treatment, according to the prevailing view that ruptured paediatric AVMs should be treated aggressively owing to the significant risk of recurrent haemorrhage and subsequent morbidity and mortality. 12, 24 The recent controversial ARUBA (A Randomised trial of Unruptured Brain Arteriovenous malformations) in adults has demonstrated that medical management alone is superior in patients with unruptured AVMs, 25 but there is insufficient scientific evidence to justify extrapolation of these results to a paediatric population. Moreover, while it has been shown that paediatric AVMs with haemorrhagic presentation do not necessarily have a higher risk of future haemorrhage nor a higher annualised bleeding risk than adults, 26 their greater cumulative risk given their longer remaining life expectancy may be an argument for more aggressive treatment of paediatric AVMs. Choice of treatment for a small, unruptured paediatric AVM is therefore complex and should involve thorough consideration of other angioarchitectural factors on a case-by-case basis.
Despite these limitations, our study provides useful initial insights to the angiographic features associated with haemorrhagic presentation of AVMs in Chinese paediatric patients from multiple locoregional neurosurgical centres. These features may assist in stratifying risk of haemorrhage and assign priority for intervention, although data from future larger-scale studies may be needed before such features can be robustly applied as haemorrhagic risk predictors in Chinese children with AVM.
